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To understand the mechanism of a biological oxidation in which 
oxygen is incorporated into a substrate, it is necessary to deter-
mine the origin of the incorporated oxygen. The objective of this 
investigation was to determine the origin of the oxygen atom incor-
porated into indoleacetic acid (IAA) by the IAA oxidase of Hygrophor-
~ conicus through the use of oxygen-18. 
To determine the source of the oxygen atom incorporated into IAA 
it is necessary to incubate H. conicus cells with tryptamine or IAA 
in the presence of 18o2 and ~ 16 o in one case and 16 o2 and H2 18o in 
another. An examination of H. conicus cells incubated with trypta-
mine led to the conclusion that an oxygen-18 atmosphere would be dif-
ficult to maintain for periods required to obtain isolatable amounts 
18 16 . 
of OIAA. The o2 and ~ 0 exper~ment was not conducted. Isolated 
16 18 . OIAA from several o2 and Hz 0 exper~ments was pyrolyzed. The co2 
so obtained was analyzed on the mass spectrometer for percent en-
richment. 
The results obtained indicate the oxygen atom incorporated into 
IAJ\ by the IAA oxidase of H. conicus is not done so from water by a 
hydration-dehydrogenation reaction. IAA oxidase of H. conicus is 
probably a mono-oxygenase and the incorporated oxygen atom is de-
rived from atmospheric oxygen. 
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I. INTRODUCTION 
Indoleacetic acid oxidase is an enzyme which catalyzes the oxi-
dation of the auxin, indole-3-acetic acid (IAA). lAA oxidase has 
been found to be of widespread occurrence in plants and several fungi. 
One of the fungi in which this enzyme has been found is Hygrophorous 
conicus. The IAA oxidase of H. conicus is an inducible, intracellu-
lar enzyme. The product of lAA oxidation is oxindole-3-acetic acid 




lAA by H. conicus that remain unidentified. IAA oxidase of H. conicus 
is of interest because of its unique oxidation product and because 
it is one of the few indoleacetic acid oxidases for which an oxida-
tion product has been isolated and positively identified. 
Biological oxidation processes involve the removal or transfer 
of electrons from the reduced form of an oxidizable substrate to an 
appropriate acceptor. Principal developments in the field of bio-
logical oxidation have concerned the elucidation of pathways by which 
electrons are transferred from a substrate through various carriers 
to molecular oxygen. Very little is understood about how oxygen is 
metabolized in the organism. 
In many biological reactions the over-all reaction can be formu-
lated as the addition of oxygen to the substrate. At one time it 
2 
was assumed that hydration or hydrolysis was involved and that the 
incorporated oxygen was derived from water rather than from atmos-
pheric oxygen. In 1955, evidence was obtained that molecular oxygen 
may play a direct role in substrate oxidation. Since 1955, various 
workers have shown that the mechanism of a diverse group of reactions, 
including hydroxylations, cleavage of aromatic rings, and cyclization 
of steriods, involves the direct addition of molecular oxygen to the 
substrate. 
In order to understand the mechanism of a biological oxidation 
in which oxygen is incorporated into the substrate, it is necessary 
to determine the origin of the oxygen. The objective of this in-
vestigation was to determine the origin of the oxygen atom incor-
porated into LAA by the LAA oxidase of H. conicus through the use 
of oxygen-18. 
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II. LITERATURE REVIEW 
A. BIOLOGICAL OXIDATION 
Lavoisier, about two hundred years ago, defined the term oxida-
tion as the addition of oxygen atoms to a substrate (Hayaishi, 1962). 
The opposite process of reduction was regarded as the removal of 




Bertrand (1896) noted that living organisms contained a number of 
enzymes which catalyzed the oxidation of various biological compounds. 
Wieland (1932) demonstrated that compounds of physiological im-
portance such as alcohols, lactate, and aldehyde hydrates can be dehy-
drogenated by an aqueous suspension of colloidal palladium to yield, 
respectively, aldehydes, pyruvate, and carboxylic acids plus, in all 
cases, hydrogenated palladium (Eq. 2). Hydrogenated palladium then 
loses its hydrogen to molecular oxygen, or some other terminal oxidant, 
R-CXH-OH + (Pd) 
DH2 + (Pd) 




D + Pd (H) 2 
Pd + AH2 
D + AH2 
Pd (H) 2 (2) 
(3) 
(4) 
thus completing the reaction by regenerating the active catalyst and 
reducing the oxidant (Eq. 3). Palladium functions as an intermediate 
carrier of hydrogen. Wieland postulated that all biological oxida-
tions proceed by means of dehydrogenations involving one or more in-
termediate carriers. 
4 
Warburg (1949) proposed a theory of cell respiration in which 
the essential process was the activation of oxygen by a universal 
cellular enzyme which required a heavy metal. Warburg later iden-
tified such an iron containing entity as cytochrome oxidase. 
As a result of these investigations by Wieland and Warburg, 
biological oxidations processes are envisaged as a transfer of elec-
trons from an oxidizable substrate to an appropriate acceptor. The 
reduced acceptor is then oxidized by another intermediate of higher 
oxidation potential (Eq. 5). 
DH2 X carrier 
enzyme 
D carrier 




n 0 x 1/2 o2 
(5) 
There are two alternative ways of reconverting the reduced in-
termediate back to its oxidized form: (1) Reoxidation by other 
carriers, and eventually by a terminal acceptor. (2) Oxidation by 
a second substrate, which is reduced in the process (Mahler and 
Cordes, 1966). 
Some biological oxidations involve the direct utilization of 
oxygen. Enzymes which catalyze this type of oxidation are oxidases, 
oxygenases, and mono-oxygenases. 
Enzymes that catalyze the oxidation of their substrate, with 
molecular oxygen serving as the immediate electron acceptor are 
called oxidases (Hayaishi, 1962). 
Classical oxidases can be divided into two categories. In the 
first category, the enzyme catalyzes the transfer of two electrons 
5 
to one molecule of oxygen forming hydrogen peroxide (Eq. 6). In the 
second group, two electrons are transferred to one atom of oxygen 
oxidase 
to produce water (Eq. 7). 
oxidase 
DH2 + 1/2 o2 D + H 0 2 
(6) 
(7) 
Oxygenases, or oxygen transferases, are enzymes that catalyze 
the introduction of both atoms of molecular oxygen into the sub-
s tr ate ( Eq. 8) • 
oxygenase 
D(OH) 2 (8) 
Mono-oxygenases, hydroxylases, or mixed function oxygenases, 
are enzymes which are responsible for the introduction of a single 
atom of molecular oxygen into the substrate, converting it into a 
mono-hydroxyl derivative (Mahler and Cordes, 1966). A co-substrate 
(X 1 H2 ), a second oxidizable substrate, is an absolute requirement 
for these reactions (Eq. 9). 
mono-oxygenase 
DHOH+ X 1 + ~0 (9) 
Prior to 1955, enzyme catalyzed reactions were known in which 
the overall reaction could be formulated as the addition of oxygen: 
aldehydes to carboxylic acids; xanthine to hypoxanthine to uric acid; 
nicotinic acid to 6-hydroxynicotinic acid. In all of these reactions 
the oxygen atom was derived from a water molecule (Mahler and Cordes, 
1966). An example of this mechanism is shown in equation (10) and 
6 
(11) where the substrate is hydrated in the primary reaction, and 
then dehydrogenation occurs in the second reaction (Hayaishi, 1962). 
(10) 
dehydrogenase 
D~O +A DO+ A~ (11) 
No known case of additive oxidation, direct addition of oxygen 
to an unsaturated compound existed before 1955. In 1955, direct 
utilization of atmospheric oxygen was discovered through the use of 
oxygen-18 isotope. Mason~ al. (1955), using l8o2 and H2 18o, found 
that during the oxidation of 3,4-dimethylphenol to 4,5-dimethyl-
catechol by a phenolase complex, the oxygen atom incorporated into 
the substrate molecule was derived exclusively from molecular oxygen, 




(1955), using 18 o2 and ~l8o, found that two atoms of oxygen inserted 
into catechol by the action of pyrocatechase were both derived ex-
clusively from molecular oxygen (Eq. 13). Various workers have since 
carried out tracer experiments using oxygen-18 and observed the direct 
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Enzymes are commonly named for the substrate on which they act. 
An enzyme which oxidizes lAA is called an indole acetic acid oxidase. 
In nearly every case the products of the oxidation are unknown. En-
zymes which oxidize IAA are of widespread occurrence in plants and 
several fungi (Hare, 1964) and may be as ubiquitious as IAA itself 
(Gals ton and Hillman, 1961). 
Low concentrations of lAA stimulate the growth of plant cells 
while higher concentrations inhibit the growth. In view of this 
known regulation of plant cell growth by IAA, it appears likely that 
the enzymatic destruction of IAA is important in regulating the amount 
of growth substance in the plant (Galston and Dalberg, 1954). Thus 
IAA oxidase may regulate growth by controlling the IAA level. 
The products formed when IAA is oxidized by an IAA oxidase are 
for the most part unknown. Only the product of one IAA oxidase has 
been unequivocally characterized, and that is oxindole acetic acid 
formed from lAA by the enzyme from a basidiomycete, Hygrophorous 
Conicus (Siehr, 1961). 
Patel (1964), Patterson (1965), and Mehta (1968) have studied 
the IAA oxidase of Hygrophorous conicus. Since no role for IAA in 
10 
the fungi has been recorded, Mehta (1968) suggested that lAA may be 
a toxic substance for H. conicus. This organism seems to have a 
great facility for detoxification by oxidation. This is indicated 
by its oxidation of progesterone and its reduction of nitrate by in-
creasing its rate of succinate oxidation (Mehta, 1968). 
H. conicus produces LAA oxidase if it is grown in the presence 
of LAA or tryptamine. lAA and tryptamine act both as substrate and 
inducer for the LAA oxidase (Patel, 1964). Besides oxindole-3-
acetic acid there are at least two other oxidation products of lAA 
that remain unidentified (Mehta, 1968). Patterson (1965) found OIAA 
to increase in the H. conicus culture medium during the first 48 hours 
when H. conicus cells were incubated with IAA. After 48 hours the 
OLAA concentration decreased suggesting the induction of an enzyme 
which carried out the breakdown of OIAA. 
Patterson (1965) and Mehta (1968) were unsuccessful in preparing 
an active cell-free preparation of H. conicus lAA oxidase. After rup-
turing the cells with either a Branson sonifier or a French press no 
LAA oxidase activity could be detected. Since one atom of oxygen is 
incorporated into the substrate molecule in the conversion of lAA to 
OIAA, it was thought the oxidase might be a mono-oxygenase. A second 
oxidizable substrate, usually NADPH, is a requirement for these en-
zymes (Mahler and Cordes, 1966). Therefore Mehta (1968) tried sup-
plementing the assay solutions with NADPH and also reduced FAD with-
out positive results. He concluded that the lAA oxidase of H. conicus 
is not a simple oxygenase but that it is likely that it requires addi-
tional and as yet unknown cofactors. 
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IAA and OIAA absorb maximally at two different wavelengths, 280 
nm and 250 nm. Since mixtures of lAA and OIAA conform to Beer's Law, 
it is possible to determine their concentrations in mixtures. This 
is the basis of the assay for IAA oxidase activity developed by 
Patterson (1965). 
LAA produces a blue-violet spot with Ehrlich reagent (Block ~ 
a~, 1958), and OIAA a blue-greenspot (Siehr, 1961). Paper chroma-
tography has proven to be a useful tool for the qualitative determin-
ation of IAA oxidase activity in H. conicus. 
C. METHODOLOGY OF OXYGEN-18 ISOTOPE 
Since 1955 various workers (Mason ~ al, Hayaishi et al) have 
employed oxygen-18 isotope to demonstrate the enzymatic fixation of 
oxygen into various substrates and to determine the source of the 
incorporated oxygen (Table I). 
A brief example of this type of experiment follows. A substrate 
in aqueous solution is placed in a flask especially designed for oxygen-
18 experiments (Fig. 1) and frozen by immersion of the flask in a dry-
ice acetone bath. The flask is evacuated through a high vacuum stop-
cock (A), and then the frozen solution is permitted to thaw slowly. 
After the liquid phase has completely equilibrated with the gas phase, 
the contents of the flask are again frozen and evacuated. Oxygen-18 
is admitted via the stopcock (A). A gas sample is removed through 
the rubber vaccine cap (B) and analyzed for atom percent oxygen-18o 
When the reaction is complete, the product is isolated, purified, 
and crystallized. The product is stochiometrically pyrolyzed to co2 , 
purified by vacuum distillation, and analyzed for peak intensities at 
Figure 1. Flask for Oxygen-18 Experiments. 
This figure is taken from "Oxygenases" by Hayaishi, 0., Academic 
Press, New York and London (1962). 
12 
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masses 44 and 46 utilizing a n~ss ~pectrometer. The percent oxygen-lti 
incorporated into the product is calculated by comparison of the ob-
served oxygen-18 enrichment with the theoretical maximum. If all 
oxygen atoms inserted into the molecule were derived from the isotopic 
source then one has the theoretical maximum incorporation. Corrections 
are made for any non-isotopic oxygen atom present in the substrate 
molecule prior to the reaction. ~ 18 0 experiments are carried out 
in the same manner, except all solutions are made up with ~l8o and 
160 2 . 
Oxygen-18 enriched water and gas from 1.5-98.0 atom percent 
oxygen is commercially available. Small amounts of oxygen-18 enriched 
gas of 0.1-10.0 atom percent can be obtained by microelectrolysis of 
oxygen-18 enriched water. 
Bentley (1949b) described an apparatus (Fig. 2) in which quanti-
ties of water on the order of 1.5 ml rnay be electrolyzed, and the 
evolved oxygen collected in a vacuum system. A diagrammatic sketch 
of a vacuum line for work with oxygen-18 is shown in Figure J. 
The microelectrolysis cell takes a current of 0.5-2.0 amps and 
200 volts d.c. A rectifier-transformer or a battery serves as a cur-
rent source. The electrolyte is a 20 percent aqueous solution of 
sulfuric acid or an aqueous sodium hydroxide solution made by dis-
solving pure metallic sodium in oxygen-18 enriched water to give a 
4N solution. Evolved oxygen is allowed to escape into a vacuum sys-
tern. Upon completion of electrolysis the oxygen is expanded into a 
Toepler pump and then pumped into a previously evacuated storage 
vessel. 
Platinum Electrodes 
Figure 2. Apparatus for the Micro-electrolysis of Water. 








Figure 3. Diagram of a Vacuum Line for OKygen-18 Work: (A) microelec-
trolyzer; (B) oxygen release mechanism; (C) quartz oven; 
(D) carbon dioxide storage vessel; (E) manometer; (F) Toepler 
pump; (T) traps. 
This figure is taken from "OKygenases" by Hayaishi, 0., Academic Press, 
New York and London (1962). 
l~ 
Reaction products required for isotopic analysis must b~ iso-
lated and purified as soon as possible after the experiment is over 
in order to reduce the possibility of isotopic exchange (Cohn and 
Urey, 1938). If immediate separation is not possible, the rate of 
exchange can be decreased by either reducing the temperature or by 
changing to a more suitable pH. The isotopic exchange of oxygen 
with oxyacids, carboxylic acids, and alcohols can be prevented by 
making the medium alkaline. The isotopic exchange of oxygen in 
carbonyl functional groups is acid and base catalyzed. Most non-
polar-organic products are rapidly removed from solution by extrac-
tion with organic solvents. Extracts containing oxygen-18 products 
are well dried over anhydrous sodium sulfate or potassium carbonate. 
Care is taken to filter off all oxygen containing drying agents be-
fore the solvent is removed. 
Usual techniques for the purification of organic materials in-
volve either distillation or recrystallization (Cheronis, 1954). 
The identity and chemical purity of organic compounds for isotopic 
analysis can be determined by melting points, boiling points, re-
fractive indices, infrared spectra, and various forms of chromato-
graphy (Hayaishi, 1962). 
The most practical method for the determination of oxygen-18 
concentration in organic compounds involves the analysis of carbon 
dioxide in a mass spectrometer. Carbon dioxide is an ideal gas for 
mass spectrometry of oxygen and carbon isotopes. The memory effect 
is small, it is easily handled and purified by sublimation on a 
vacuum line, and it is noncorrosive. Carbon dioxide may be formed 
17 
from quite a number of organic compounds without isotopic dilution. 
Carbonate salts and many organic compounds form carbon dioxide 
on heating. Johnson and Daschavsky (1925) found that pyrolysis of 
aromatic amino acids yielded carbon dioxide directly. Bentley (1949a) 
converted carboxylic acids to the silver salts by adding silver nitrate 
to the aqueous solution and then neutralizing the solution with am-
monia. The precipitated silver salt was filtered, washed, dried, and 
pyrolyzed to carbon dioxide at 400°C. In all cases the decarboxyla-
tion must be carried out in a water free environment to avoid dilu-
tions, since carbon dioxide readily exchanges its oxygen with water 
(Cohn and Urey, 1939). Doering and Dorfman (1953) directly pyrolyzed 
organic compounds to carbon monoxide by passage through carbon heated 
to 1340oc. Scrubbed carbon monoxide was then oxidized to carbon di-
oxide by passage through an iodine pentoxide column heated to 125°C. 
In this procedure all oxygen, regardless of its form, was converted 
to carbon dioxide. Rittenburg and Ponticorvo (1956) showed that 
cuprous chloride and mercuric chloride, at 380-510°C, will convert 
stoichiometrically all the oxygen molecules of many organic compounds 
to carbon dioxide. 
From the relative intensity of the ions of mass 44 (c 12 o16 o16 ), 
mass 45 (c 12 o16 o17 , cl3o16 o16 ), and mass 46 (c12 o16 o18 , c 13 o16 o17 , 
cl2 al 7ol 7), the concentration of oxygen-18 can be calculated. 
The ratio of the peak intensities or heights at masses 46 and 
44 is given by: 
R • 
Peak height 44 
Peak height 46 
18 
At low concentrations of oxygen-18, R can be considered equal to the 
ratio measured on a mass spectrometer, since the contribution to the 
intensity of peak 46 due to molecules containing oxygen-17 and car-
bon-13 can be ignored. 
The atom percent oxygen-18 is then given by: 
X= 100/2(R - 1/2) 
Enrichment is calculated as follows: 
Atom % l8o incorporated x 100 
% Enrichment = 
18 Atom % 0 in the medium 
19 
III. EXPERIMENTAL 
A. MA TERIAI.S 
The chemicals used in this investigation and the companies from 
which they were obtained are listed below. 
Chemicals 
Malt extract, and agar 






Oxygen-18 enriched water 
Company 
Difco Chemical Company 
Detroit, Michigan 
Sigma Chemical Company 
St. Louis, Missouri 
Fisher Scientific Company 
St. Louis, Missouri 




St. Louis, Missouri 
Bio-Rad Laboratories 
Richmond, California 
All of these chemicals were used without further purification. 
All inorganic salts and solvents were reagent grade and were 
used without further purification. 
The culture of Hygrophorous conicus was obtained from Abbot 
Laboratories, North Chicago, Illinois. 
B . APPARATUS 
Centrifuges: International Equipment Company, Boston, Massachusetts. 
Model CL. 
Lourdes Instrument Corporation, Brooklyn, New York. Model 
LCA-1. 
Ivan Sorvall Incorporated, Norwalk, Connecticut. Model RC2-B. 
20 
Hydrogenator: Parr Instrument Company, Moline, Illinois. Model 
3911. 
Furnace: Hoskin Manufacturing Company, Detroit, Michigan, Model 
FD3034. 
Mass Spectrometer: Varian Mat GmbH, Bremen, Germany. Model GD-150. 
pH Meter: Leeds and Northrup Company, Philadelphia, Pennsylvania. 
Model 7664. 
Rotary Evaporator: Rinco Instrument Company, Greenville, Illinois. 
Shaker, Rotary: New Brunswick Scientific Company, New Brunswick, 
New Jersey. Model CS-62630. 
Sonifier: Branson Instrument Incorporated, Danbury, Connecticut. 
Model S-75. 
Spectrophotometers: Perkin-Elmer Corporation, New York, New York. 
Model 139. 
Cary Instruments, Monorovia, California. Model 14. 
Sterilizer, Steam Heat: American Sterilizer Company, Erie, 
Pennsylvania. 
Temperature Controller: Thermolyne Corporation, Dubuque, Iowa. 
Model CP-505T. 
Vacuum Line: Pope Scientific Incorporated, Menomonee Falls, 
Wisconsin. Porta-Vac Portable High Vacuum System. 
Vacuum Pump: Welch Scientific Company, Chicago, Illinois. 
Duo Seal. 
Ultra Violet Light: Ultra Violet Products Incorporated, South 
Pasadena, California. Model SL-2537, Short Wave Length. 
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C. METHODS AND RESULTS 
1. Cultivation of Hygrophorous Conicus 
Three hundred ml Erlenmeyer flasks containing 60 ml of 4% malt 
extract medium, or 500 ml Erlenmeyer flasks containing 100 ml were 
autoclaved at 120°C and 15 psi for 30 minutes. After cooling to 
room temperature the flasks were kept in a cold room (4-60C) until 
used. 
Stock cultures of H. conicus were grown at 25oc on 4% malt ex-
tract for 4 days. These cultures of H. conicus were prepared once 
a month by inoculation of sterile medium with a culture from a malt-
agar slant, and were maintained by transferring 3 ml of a mycelium 
suspension formed to 60 ml of sterile medium every 4 days. Immedi-
ately after inoculation the stock culture flasks were placed on a 
rotary shaker (240 rpm) where they remained during the entire period 
of growth. 
H. conicus was transferred once a month from stock cultures to 
slants to check for possible contamination of the culture. The solid 
medium used for the slants was a 4% malt extract solution to which 
2% agar was added. The medium was prepared by adding the agar to the 
malt solution and heating until the agar dissolved. After sterili-
zation the hot medium was allowed to cool and solidify in the tubes. 
A palladium wire loop was used to inoculate the&ants with H. conicus 
from the stock culture. The slant cultures were grown for several 
days at room temperature and then examined for contamination. The 
uncontaminated slants were stored in a cold room (4-6°C) and were 
22 
later used to prepare stock cultures. The contaminated slants were 
autoclaved and discarded. 
2. Preparation of Two-Dimensional Paper Chromatograms 
Paper chromatograms were used for the separation and qualitative 
determination of lAA and OLAA. The spent media from which the mycelia 
had been removed by centrifugation was used in the preparation of the 
chromatograms. 
The medium was acidified with 5% HCl to a pH of approximately 
3 (Hydrion paper) and was extracted with three 30 ml portions of 
ethyl acetate. The ethyl acetate extracts were combined and dried 
over Na 2so4 • The Na 2so4 was removed by filtration and the extract 
was evaporated to dryness on a Rinco rotary evaporator at approxi-
mately 45°C. The residue was dissolved in ethyl acetate so that an 
approximate concentration of 10 mg/ml was obtained. Five lambda 
(5 x 10-3 ml) of the solution was spotted in a corner (2.5 em from 
both edges) of an 11 inch square sheet of Whatman No. 1 filter paper. 
The spot was dried with a st~ of warm air and the two edges of the 
chromatogram were stitched together with thread to form a cylinder. 
The chromatogram was placed in a chromatographic chamber which con-
tained_ solvent A (isopropanol-N~OH-HzO, 300:15:30 v/v). After the 
solvent had risen to within a few centimeters of the top edge of the 
paper (10-11 hours), the chromatogram was removed from the chamber, 
the thread cut, and the paper dried. The chromatogram was again 
formed into a cylinder and the two edges which were formerly the 
top and bottom were attached. The chromatogram was placed in a 
chromatographic chamber containing solvent B (n-butanol-glacial 
acetic acid-H20, 180:45:75 v/v). The solvent was allowed to rise 
about 8-9 inches (6-7 hours). The chromatogram was removed from 
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the chamber and dried. The dried chromatogram was examined under 
ultraviolet light and the spots were marked. The OIAA spot fluoresced 
blue, while the lAA spot absorbed in the ultraviolet light. 
To verify these observations, the chromatogram was then dipped 
in Ehrlich reagent (2.0 g p-dimethylaminobenzaldehyde, 160 ml acetone, 
and 20 ml concentrated HCl). After a few minutes a violet spot ap-
peared at the location of the UV absorbing spot IAA. After 5-10 
minutes a yellow-green spot appeared at the same location as the 
blue fluorescent spot (OIAA). This spot became blue-green after a 
few more minutes and intensely blue-green after standing for several 
hours. 
3. IAA Oxidase Assay 
Since OIAA and IAA absorb strongly in the UV at different wave-
lengths, 250 nm and 280 nm respectively, a simultaneous spectro-
photometric analysis of the two substances is possible (Patterson, 1~). 
The spectrophotometric analysis was conducted using a Hitachi-
Perkin Elmer 139 UV-Vis spectrophotometer. The absorbance was de-
termined for all samples from 240 nm to 290 nm. Before each deter-
mination the matched quartz cuvettes were cleaned with a 50% ethanol 
solution containing 10% ammonia. The sample and reference cuvettes 
were checked for cleanliness by comparing their absorbances when 
filled with deionized water in the wavelength span used. During 
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scanning the reference cuvettes were filled with deionized water 
which was used in the preparation of the sample. The concentrations 
of IAA and OIAA were calculated as shown in Appendix B. 
4. Formation of the Enzyme IAA Oxidase 
In order to assay IAA oxidase activity, the H. conicus cells 
were grown in 60 ml of 4% malt extract in the presence of 50 mg of 
tryptamine for 24, 48, 72, 96, 120, 144, and 168 hours. The cells 
were harvested by centrifugation at 4340 x g for 12 minutes at 4-soc. 
They were washed twice with 30 ml portions of deionized water to re-
move all traces of the malt medium, substrate, and product. The 
supernatant and washings were combined and acidified to pH 3 (Hydrion 
paper) with 5% HCl. The solution was extracted with three 30 ml por-
tions of ethyl acetate. The ethyl acetate extracts were combined 
and dried over Na 2S04. The Na2S04 was removed by filtration and the 
ethyl acetate extracted with three 15 ml portions of 5% Na2C03. The 
~2C03 extracts were combined and the pH adjusted to 7.0 (Leeds and 
Northrup pH meter) with 5% HCl. The solution was diluted to 100 ml 
in a volumetric flask. The absorbance of properly diluted aliquots 
of the solution was measured at 250 nm and 280 nm on the Hitachi 
Perkin-Elmer 139 UV-Vis Spectrophotometer. The concentrations of lAA 
and OIAA were calculated as shown in Appendix B and the results are 
shown in Figure 4. 
5. Oxidation of Tryptamine with Induced H. Conicus Cells 
Sixty 500 ml Erlenmeyer flasks containing 100 ml of 4% malt 
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Figure 4. Plot of lAA Oxidase Activity 


















A. 48 Hour Induced 
o 72 Hour Induced 
D 96 Hour Induced 
48 72 96 120 144 
Time (hours) 
Plot of Enzyme Activity of Induced, 
Resuspended Cells. 




To induce the formation of LAA oxidase 50 mg of tryptamine was added 
to each flask. Twenty flasks were harvested at 48, 72, and 96 hours 
by centrifugation at 4340 x g for 12 minutes at 4-5oc. The cells were 
washed twice with 30 ml portions of deionized water to remove all 
traces of the malt medium, inducer, and product. The supernatant 
and washings were discarded. Four samples were prepared from the 
twenty flasks by resuspending the mycelium from five flasks in 100 
ml of 3% D-glucose. After adding 250 mg of tryptamine as substrate 
the flasks were returned to the rotary shaker for 24, 48, 72, and 96 
hours. Each flask was harvested by centrifugation at 4340 x g for 
12 minutes at 4-5°C. Indole acetic acid and OLAA were extracted as 
previously described (see page 22) and their concentrations were cal-
culated from their absorbance at 250 nm and 280 nm. The results are 
shown in Figure 5. 
6. Tryptamine and OIAA Content of Sonified Resuspended Cells 
Ten 300 ml Erlenmeyer flasks containing 60 ml of 4% malt extract 
were inoculated with 3 ml of a 4 day old stock culture of H. conicus. 
To induce the formation of IAA oxidase 50 mg of tryptamine was added. 
The 10 flasks were harvested at 96 hours by centrifugation at 4340 x 
g for 12 minutes at 4-5°C. The cells were washed twice with 30 ml 
portions of deionized water to remove all traces of the malt medium, 
inducer, and product. The medium and washings were discarded. Two 
samples were prepared from the 10 flasks by resuspending the mycelium 
of 5 flasks in 100 ml of 3% D-glucose. After adding 250 mg of NalAA 
as substrate the flasks were returned to the rotary shaker (240 rpm) 
for 6 hours. Each flask was harvested by centr:i L1gation at 4340 x g 
for 12 minutes at 4-5°C. Substrate and OLAA were extracted from the 
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medium as previously described (see page 22) and their concentrations 
determined from their absorbance at 250 nm and 280 nm. 
The cells were resuspended in 100 ml of deionized water and ex-
posed to the maximum output from a Bronson S 75 sonicator for 10 min-
utes. The homogenate was centrifuged at 1000 x g for 20 minutes to 
remove the cell walls. The cell-free medium was extracted as previ-
ously described (see page 22) and their concentrations of NalAA and 
OLAA were calculated from their absorbance at 250 nm and 280 nm. The 
results are tabulated in Table Ilo 
7. Preparation of OIAA 
OLAA was prepared by the method of Lawson and Witkop (1960). 
To an ice cold solution of 1.0 g of lAA in 50 ml of 50% acetic 
acid was added 4.85 ml of acetic acid containing 1.83 g of bromine. 
After 1 hour at room temperature, 500 mg of 10% paladium-on-charcoal 
was added, and the mixture was shaken in an atmosphere of hydrogen 
for 17 hours. The solution was filtered, evaporated to dryness at 
45°C using a Buchi rotary evaporator, and 15 ml of deionized water 
added. The mixture was extracted three times with 30 ml portions of 
ethyl acetate, dried over Na2so4 , and evaporated to dryness at 45°C 
using a Rinco rotary evaporator. Crystallization of the residue 
from acetone-benzene, followed by drying for 24 hours in vacuo at 
79°C gave 536 mg of OLAA, m.p. 138°C. The compound was further 
characterized by two-dimensional paper chromatography. 
8. Oxidation of OIAA by Mercuric Chloride 
The oxidations were carried out in tubes like those shown in 
Figure 6(a). These tubes, made from 9-mm o.d. Vycor tubing, were 
preheated to 550°C for 1 hour and then stored in a desiccator until 
TABLE II 
TRYPTAMINE AND OIAA CONTENT OF SONIFIED 
RESUSPENDED CELLS 
Time, Hrs. Absorbance Absorbance IAA. OIAA 
280 nm 250 run mg. mg. 
0 .185 .663 .175 1.53 
Cells .560 .2 70 14.4 14.7 
6 hrs. 
Cells .500 .229 12.9 10.8 
6 hrs. 
Medium .620 .308 95.5 10.9 
6 hrs. 






















Figure 6. Pyrolysis Tube and Container Tube. 
This picture is taken from "Oxygenases" by Hayaishi, 0., Academic 
Press, New York and London (1962). 
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use. Sufficient OLAA (19.2 mg) to yield 1.5 mM of co2 on oxidation 
and 100 mg of HgC12 was introduced. The HgC12 was previously dried 
in vacuo at 79°C for 24 hours and stored in a closed bottle in a 
desiccator until use. The tube which had been thickened at pount 
A to facilitate sealing off under vacuum was filled, evacuated to 
lo-2 mrn Hg, and sealed at A. 
The oxidation produced considerable amounts of HCl, whose boil-
ing point (-82°C) was close to that of C02 . Since large amounts of 
HCl interfere with the analysis of co2 it is necessary to remove 
this gas. This was accomplished by placing several drops of quino-
line on the inside wall of the container tube (Figure 6b). The quino-
line was purified by distillation and kept in a closed, stoppered 
bottle over KOH pellets. 
After the addition of the quinoline the pyrolysis tube was 
placed inside the container tube. A 6lass enclosed weight was care-
fully put into position above the break-seal and the container tube 
attached to the vacuum line. The vacuum system was evacuated to 
0.1-0.01 microns, the stopcock of the container tube closed, and 
the positioned glass enclosed break-seal weight allowed to drop 
breaking the tip of the reaction tube. After breaking the break-
seal the HCl was permitted to react with the quinoline for two 
minutes before condensing the C02 with liquid Nz· After the CC2 
was condensed the container tube stopcock was opened and any non-
condensable gases pumped out. The stopcock was closed and the liquid 
N2 trap replaced by a dry-ice acetone trap (-50°C). The liquid N2 
trap was transferred to the mass spectrometer sample tube. Both 
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stopcocks were opened, the one on the container tube and the one on 
tht mass spectrometer sample tube, and the COz transferred to the 
mass spectrometer sample tube. The co2 now condensed in the mass 
spectrometer tube, was kept frozen until analysis. 
9. Mass Spectrometer Analysis of Carbon Dioxide 
Prior to beginning the measurement, the Varian Mat GD 150 was 
allowed to stabilize for one hour. The recorder was engaged, zeroed, 
and a background spectrum was obtained for masses 0-50. After asccr-
taining that no masses would interfere with the co2 analysis, the coz 
sample tube was attached to the inlet system of the mass spectrometer. 
The valve to the vacuum system was opened and the line pumped out. 
Sample C02 (50-100 torr) was introduced into the storage chamber and 
th f d t th · f th 1 d of 10-5 en e o e 10n source o e ana yzer un er a pressure 
to lo-4 torr. The ion source was 80 uA or 250 uA depending on the 
sample pressure. 
An electrical, automatic scanning device is part of the GD 150. 
The mass scanning range was set to periodically and automatically 
scan masses 40-50 with the scanning time (S-2) set at 6. The mass 
range 40-50 was scanned repeatedly five times. To increase the 
sensitivity, masses 44, 45, and 46 were obtained by increasing the 
sensitivity of the amplifier 10.0, 1.0, and 0.1. A typical spectra 
obtained is shown in Figure 7. 
10. Isotopic Analysis of Cylinder Carbon Dioxide 
The vacuum line was filled with 1 atmosphere of cyclinder co2 . 
The stopcock to the COz source was closed and the co2 condensed in 
a mass spectrometer sample tube by immersing the sample tube in 
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Figure 7" A Typical Spectra Obtained on the Varian Mat GD 150. 
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in liquid N2. The sample tube was transferred to the mass spectro-
meter gas-handling system and the peak intensities at masses 44 and 
46 were obtained (Tablelii). 
11. Isotopic Analysis of OIAA 
Three OIAA samples prepared by the method of Lawson and Witkop 
(1960) were pyrolyzed by the method of Rittenberg and Ponticorvo 
(1956). Other than using a dry-ice acetone trap during the transfer 
of the C02 from the container tube to the mass spectrometer sample 
tube, the procedure was as outlined on page 30. The sample tube 
was transferred to the mass spectrometer gas-handling system and 
the masses 44 and 46 obtained (Table N). 
An additional three OIAA samples were pyrolyzed by the method 
of Rittenberg and Ponticorvo (1956). The samples were prepared for 
analysis as outlined on page 30 and the peak intensities at masses 
44 and 46 obtained utilizing the mass spectrometer (Table V). 
12. Isotopic Analysis of OIAA Equilibrated with ~ 18o 
OIAA has three oxygen atoms in its molecule. Since isotopic 
exchange of the oxygen in functional groups, the carbonyl and car-
boxylic acid, are both acid catalyzed, the possibility of this ex-
change reaction with H2
18o was examined. 
Two-hundred and fifty mg of unlabelled OIAA was dissolved in 
20 ml of Hz 18o (1.645 atom percent 18o). The pH of the solution 
was 3.1. The solution was placed on the rotary shaker (240 rpm) 
for 96 hours. Upon removal from the shaker the solution was adjusted 
to pH 3 (Hydrion paper) with 5% HCl and extracted with three 30 ml 












Average Atom Percent Oxygen-18 - .2033 





* See Appendix C for complete listing of mass 44 and 46 intensities. 
TABLE IV 
ISOTOPIC ANALYSIS OF PYROLYZED OIAA 
Sample No. Average 44/46 
4 210.25 
5 234.5 7 
6 192.62 
Average Atom Percent Oxygen-18 - .2362 
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*See Appendix C for complete listing of mass 44 and 46 intensities. 
TABLE V 









Average Atom Percent OKygen-18 - .2026 





*See Appendix C for complete listing of mass 44 and 46 intensities. 
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were combined and dried over Na 2so4. The ethyl acetate was evapor-
ated to dryness at 45°C using a Rinco rotary evaporator. OIAA was 
crystallized from acetone-benzene. After drying for 24 hours in vacuo 
at 79°C the OIAA had a melting point of 138°C. 
Three samples of OIAA treated as described above, were pyrolyzed 
by the method of Rittenberg and Ponticorvo (1956). The samples were 
prepared for analysis as outlined on page 30 and the peak intensities 
at masses 44 and 46 obtained utilizing the mass spectrometer (Table 6). 
13. Biological Transformation of Tryptamine by H. conicus Grown 
in H 18o ~-
Four-percent-malt-extract medium was prepared by dissolving 2.4 
mg of malt extract in 60 ml of 1.645 atom percent Hz 18o. The medium 
was autoclaved at 120°C and 15 psi for 30 minutes. After cooling, 
the growth flask was inoculated with 3 ml of 4 day old stock culture 
of H. conicus and 50 mg of tryptamine was added as substrate. The 
pH of the solution was 5.7. After 96 hours on the rotary shaker (240 
rpm) the cells were harvested by centrifugation at 4340 x g for 12 
minutes at 4-5°C. The pH of the solution was 3.8. The cells were 
washed twice with 30 ml portions of deionized water to remove all 
traces of substrate and product. The supernatant and washings were 
combined and acidified to pH 3 (Hydrion paper) with 5% HCl. The 
solution was extracted with three 30 ml portions of cold ethyl ace-
tate (4-6°C). The ethyl acetate extracts were combined and dried 
over Na 2so4 . The Na 2so4 was removed by filtration and the ethyl 
acetate extracted with three 15 ml portions of 5% Na2C03. The 
Na2 co3 extracts were combined and the pH adjusted to 7 (Leeds and 
TABLE VI 
ISOTOPIC ANALYSIS OF OLAA EQUILIBRATED 
WITH ~18o 







Average Atom Percent Oxygen-18 - .2255 





*See Appendix C for complete listing of mass 44 and 46 intensities. 
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Northrup pH meter) with 5% HCl. The solution was diluted to 100 ml 
in a volumetric flask. The absorbance of appropiately diluted aliquots 
of the solution was obtained by scanning from 340-230 nro on a Cary 14 
recording spectrophotometer. The concentrations of IAA and OIAA were 
calculated from their absorbance at 280 nm and 250 nm as shown in 
Appendix B. 
Three biological transformations of tryptamine by H. conicus 
18 1 grown in Hz 0 were carried out. OlAA from the first Hz So experi-
ment was recovered directly. The pH of the Na2 co3 extract was ad-
justed to pH 3 (Hydrion paper) with 5% HCl and extracted with three 
30 ml portions of cold ethyl acetate (4-6°C). The ethyl acetate ex-
tracts were combined and dried over Na 2so4 . The Na 2so4 was removed 
by filtration and the ethyl acetate extract was evaporated to dry-
ness at 45°C using a Rinco rotary evaporator. No crystals were 
noted from acetone-benzene. The acetone-benzene was placed in a 
freezer (-30°C) for one week. The acetone-benzene was thawed and 
the product recovered. After drying for 24 hours in vacuo at 79°C, 
6.2 mg of product was recovered. The compound was characterized by 
two-dimensional paper chromatography and by its melting point of 138°C. 
The recovered OLAA (4.8 mg) was diluted to 19.2 mg using OLAA 
prepared by the method of Lawson and Witkop (1960). The sample was 
pyrolyzed by the method of Rittenberg and Ponticorvo (1956) and the 
peak intensities at masses 44 and 46 obtained utilizing the mass 
spectrometer. From this data the atom percent oxygen-18 and per-
cent enrichment were calculated (See Sample 13, Table 7). 
TABLE VII 
BIOLOGICAL TRANSFORMATION OF TRYPTAMINE BY 
H. CONICUS GROWN IN Hz 18 0 





















Average Atom Percent Oxygen-18 - .2150 









*See Appendix C for complete listing of mass 44 and 46 intensities. 
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Tw h H- 18 0 . . d o ot er -L exper1ments were carr1e out. In these experi-
ments isotopic dilution was employed before OLAA recovery. After 
the OIAA concentration was determined spectrophotometrically, OIAA 
prepared by the method of Lawson and Witkop (1960) was added to 
give a one to four isotopic dilution. Isolation, crystallization, 
and characterization procedures were the same as for the first sample. 
Three samples from each of these experiments were pyrolyzed by the 
method of Rittenberg and Ponticorvo (1956) and the peak intensities 
at masses 44 and 46 obtained utilizating the mass spectrometer. 
From this data the atom percent oxygen-18 and percent enrichment 
were calculated (Table 7). 
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IV. DISCUSSION 
A. LAA OXIDASE ACTIVITY 
The rate of tryptamine (Fig. 4) oxidation by the IAA oxidase 
of H. conicus was obtained spectrophotometrically by observing the 
conversion of tryptamine to OIAA. A lag period of 0 to 24 hours 
due to H. conicus cell growth and IAA oxidase synthesis followed by 
a logarithmic phase which ended after 48 hours was observed. After 
72 hours the appearance of OIAA in solution was very slow. This 
confirms the results of Patel (1964). At 120 hours a slight de-
crease in the appearance of OIAA in solution was observed. The 
following explanations could account for the obervation: 1) dur-
ing this period of cell growth the permeability of OIAA through 
the cell wall was affected. 2) OIAA induces an enzyme in H. conicus 
which oxidizes OIAA to a product with a maximum absorbance at 250 nm. 
Patterson (1965) found OIAA to increase during the first 48 
hours when H. conicus cells were induced with IAA. After 48 hours 
the absorbance at 250 nm decreased, thus suggesting the induction 
of an enzyme which carried out the destruction of OIAA. This obser-
vation would eliminate the possibility of tryptamine induced H. conicus 
cells enzymatically converting OIAA to a product which increases ab-
sorbance at 250 nm. The slight decrease in IAA oxidase activity at 
120 hours, followed by an increase at 144 and 168 hours, can there-
fore be attributed to the first explanation. 
B. FORMATION OF OIAA BY INDUCED, RESUSPENDED CELLS OF H. CONICUS 
In most bacteria in which enzyme induction has been investigated 
the maximum specific activity occurs during the lag period of growth 
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(Stanier, Doudorff, and Adelbert, 1957). Patterson (1965) found 
the maximum specific activity in H. conicus occurred approximately 
48 hours after inoculation. 
Resuspension of induced H. conicus cells at the time of maximum 
LAA oxidase activity should result in a maximum formation of OLAA. 
The rate of the conversion of substrate to product is proportional 
to the amount of enzyme. The experiment described in the Experi-
mental Section (page 24) was conducted to investigate the possibil-
ity of increasing OIAA formation in shorter periods of time by using 
induced, resuspended H. conicus cells. 
H. conicus cells harvested after 48 hour induction with trypta-
mine were resuspended at the time of maximum lAA oxidase activity 
(Fig. 4). The slow appearance of OIAA in the medium for 24 hours 
after resuspension is probably due to transport of tryptamine across 
the cell wall. The increase in the appearance of OIAA in the medium 
during the next 48 hours can be attributed to maximum LAA oxidase ac-
tivity. After 72 hours resuspension a slow appearance of OIAA in the 
medium was noted. The following explanations can account for the ob-
servation: 1) substrate concentration becomes limiting, 2) substrate 
concentration was too low to induce the synthesis of LAA oxidase, 3) 
the cells grown in the first 48 hours began to die, 4) after 120 hours 
the permeability of OIAA through the cell wall is affected. 
H. conicus harvested after 72 hour induction with tryptamine 
were resuspended after the time of maximum LAA oxidase activity. 
The initial increase in activity for the first 48 hours over that 
of the 48 hour induced cells is due to differences in cell mass. 
Forty-eight hours after resuspension an increase in lAA oxidase 
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activity is observed. The following explanations can account for 
the observation: l) the addition of substrate induces (in vivo) syn-
thesis of LAA oxidase by the old cells, 2) the growth of new H. conicus 
cells and (in vivo) synthesis of IAA oxidase. 
H. conicus cells harvested after 96 hour induction with tryptamine 
were resuspended from growth medium in which the substrate was limit-
ing. 1be initial increase in activity for the first 48 hours over 
that of 48 and 72 hour induced, resuspended cells, can be attributed 
to differences in cell mass. The decrease in activity at 48 hours 
can be explained by: 1) substrate concentration is limiting, 2) the 
cells grown during the first 48 hours began to die. The increase in 
lAA oxidase activity after 48 hours resuspension can be explained by: 
1) the addition of substrate induces (in vivo) synthesis of lAA oxi-
dase by the old cells, 2) the growth of new H. conicus cells and (in 
vivo) synthesis of IAA oxidase. 
Induction and resuspension periods above 96 hours would prob-
ably result in cell autolysis and a certain amount of contamination. 
The original hypothesis was that induced cells of 48 or 72 hours 
would give a reasonable transformation of substrate in a few hours 
after resuspension (2-6 hours). The induced, resuspended cell trans-
formation procedure was dropped for the more favorable procedure of 
growing H. conicus cells for 96 hours in the presence of 50 mg of 
tryptamine. 
C. TRYPTAMINE AND OlAA CONTENT OF SONIFIED RESUSPENDED CELLS 
Low concentrations of OIAA in the medium after resuspension 
could be due to permeability of the cell membrane to OIAA or to the 
46 
OLAA being bound inside the cell instead of diffusing out into the 
medium. Efforts to increase recovery of OIAA by rupturing the cell 
walls by Bronson Sonifier were investigated (Table 2). 
After spectrophotometric determination of substrate and pro-
duct concentrations in the medium and sonified cell extracts only 
51-52% of the total substrate and product could be accounted for. 
Due to large cell mass it is conceivable that 100% cell rupture was 
not achieved. Poor recovery could also be due to the solubility of 
OLAA in water. It is very difficult to remove OLAA quantitatively 
from water. 
D. PYROLYSIS OF OIAA TO CARBON DIOXIDE 
To investigate the stoichiometry of the pyrolysis of OIAA to 
COz by the method of Rittenberg and Ponticorvo (1956) the relative 
ratio of masses 44 and 46 were obtained for pyrolyzed OIAA and com-
pared to that found in cylinder co2 . See Tables 3, 4, and 5. 
Three pyrolyzed OIAA samples were prepared for mass spectrometer 
analysis without a dry ice-acetone slurry (-50°C) being placed on 
the container tube during vacuum distillation of co2 to the mass 
spectrometer sample tube (Table 4). Samples 4 and 5 were analyzed 
prior to January 1, 1969, and cylinder C02 was not available. Atom 
percent oxygen-18 for sample 6 (0.2589) compares favorably with the 
atom percent oxygen-18 for cylinder co2 (0.2531). The observed large 
atom percent oxygen-18 for cylinder C02 and pyrolyzed OIAA can be 
accounted for by the following explanations: 1) rate of diffusion 
of co2 through the gas capillary inlet system, 2) degree of ioniza-
tion of co2 , 3) HCl produced in the pyrolysis interferes with the 
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analysis of CC2 and 4) mass 46 is additive due to N02 being produced 
in the pyrolysis. 
Rittenberg and Ponticorvo (1956) indicate large amounts of HCl 
are produced during pyrolysis and will interfere with the analysis of 
C02. To remove this gas several drops of quinoline are placed on the 
inside wall of the container tube to react with HCl after breaking the 
break seal of the pyrolysis tube. Mass 46 could also be additive if 
N02 is produced during the pyrolysis. The boiling point of N02 is 
-11.20°C. A dry ice-acetone slurry (-50°C) was placed on future co2 
vacuum distillations to the mass spectrometer sample tube to remove 
N02 , NH3, organic solvents, and other contaminants from CC2· 
Three additional pyrolyzed OIAA samples were prepared for analy-
sis utilizing the dry ice-acetone slurry during vacuum distillation 
of C02 to the mass spectrometer sample tube and after unstable con-
ditions of the mass spectrometer had been corrected. The OIAA 
samples and three C~ cylinder samples were then analyzed on the 
mass spectrometer for relative intensities of masses 44 and 46. The 
atom percent oxygen-18 was calculated for each sample. Atom percent 
oxygen-18 for cylinder C~ and pyrolyzed OIAA was found to be 0.2030. 
The reproducibility of the Rittenberg and Ponticorvo (1956) method 
is reported to be± 2% (Hayaishi, 1962). In order to evaluate the 
precision of the pyrolysis method and mass spectrometer analysis the 
percent deviations were calculated for the atom percent oxygen-18 
values. For the six samples the percent deviation was found to be 
+ 1.21%. See Appendix D, Table 1. 
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E. ISOTOPIC EXCHANGE 
Isotopic exchange of carbonyl functional groups and carboxylic 
acids is acid catalyzed. To determine the degree of istopic ex-
change of the three oxygen atoms of OIAA with the H2 18o the control 
experiment described in the Experimental Section ( page 34) was con-
ducted. The samples were pyrolyzed by the procedure of Rittenberg 
and Ponticorvo (1956) and the co2 so obtained analyzed in the mass 
spectrometer for oxygen-18 content. The atom percent oxygen-18 was 
calculated to be 0.2255. For the three samples the percent devia-
tion was+ 1.11% (Appendix D, Table 3). The percent isotopic ex-
change was calculated to be 1.39%. 
High exchange rates between OIAA and H2l8o would interfere with 
the determination of the incorporated oxygen atom when the experiment 
was carried out in Hz 18 o and 16 o2 . 
If complete equilibrium between OIAA and H2 18o was obtained 
during the 96 hour isotopic control experiment, approximately 100% 
enrichment would be observed. If the oxygen atom incorporated into 
lAA during 96 hours incubation of tryptamine with H. conicus occurred 
by a hydration, dehydrogenation reaction, approximately 100% enrich-
ment would also be observed. A low exchange rate between OIAA and 
H2 18o was found experimentally (1.39%). Hence if the oxygen atom 
incorporated into lAA was derived from water, the percentage of 
isotopic exchange would be insignificant. 
F. H2
18o EXPERIMENTS 
To determine the source of the oxygen atom incorporated into 
IAA it is necessary to incubate IAA oxidase with tryptamine or lAA 
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in the presence of 18o2 and Hz 16o in one case and 16 o2 and Hz 18o in 
another. Ninety-si~ hour incubations of H. conicus with tryptamine 
were required for the synthesis of lAA oxidase and the accumulation 
of isolatable concentrations of OlAA (35-40 mg) in the medium. It 
would be difficult to maintain an oxygen-18 atmosphere for 96 hours, 
18 16 . . 
so the C2 and H2 0 e~periment was not carr~ed out at this t~me. 
The 16o2 and ~ 180 experi~ents are described in the Experimental 
Section (page 38). 
The isolated OlAA was pyrolyzed by the method of Rittenberg 
and Ponticorvo (l956) and the co2 so obtained was analyzed on the 
mass spectro~eter for relative intensities of masses 44 and 46. 
atom percent o~ygen-18 ~as calculated to be 0.2150. For the seven 
samples the percent deviation ~as + 0.866%. The percent enrichment 
was calculated to be 3.015. 
Small differences in percent enrichment of OlAA obtained from 
the isotopic control reaction and H. conicus incubations with trypt-
amine in H2
18o and 16o2 can be attributed to differences in pH of 
the reaction ~edium. 
The results obtained indicate the oxygen atom incorporated in-
to LAA by ~ o~idase of H. conicus is not done so by a hydration-
dehydrogenation reaction. lAA oxidase of H. conicus is probably a 




From the results obtained in this investigation the following 
conclusions were made: 
(1) A workable amount of tryptamine induced, resuspended cells 
could not transform isolatable amounts of OIAA in 2-6 hours after 
suspension with substrate. 
(2) Recovery of OLAA could not be substantially increased by 
sonication of resuspended H. conicus cells. 
(3) OIAA can be stoichiometrically pyrolyzed to C02 by the 
method of Rittenberg and Ponticorvo (1956). Percent deviation 
for the pyrolysis and mass spectrometry analysis is greater than 
+ 2%. 
(4) The rate of isotopic exchange between OIAA and H2 18o is 
insignificant, and will not interfere with determining the source 
of the incorporated oxygen atom when the reaction is carried out 
in 16ez and Hz 18o. 
(5) The oxygen atom incorporated into lAA by lAA oxidase of 
H. conicus is not done so by a hydration-dehydrogenation reaction. 
IAA oxidase of H. conicus is probably a mono-oxygenase and the 
incorporated oxygen is derived from atmospheric oxygen. 
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VI. RECOMMENDATIONS 
The following is a list of suggestions for the further study 
of H. conic us: 
1) Prepare a cell free extract of IAA oxidase from H. conicus. 
2) Investigate various buffer systems for LAA oxidase and de-
termine the pH optimum. 
3) Determine the temperature effects on IAA oxidase activity. 
4). Investigate the kinetics of IAA oxidase. 
5) Utilizing a cell free extract and oxygen-18 determine the 
origin of the oxygen atom incorporated into LAA by IAA 
oxidase of H. conicus. 
6) Investigate enzymatic activity utilizing equal masses of 
induced, resuspended H. conicus cells. 
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IAA OXIDASE ACTIVITY AT VARIOUS TIMES 
SAMPLE CALCULATIONS OF CIAA AND COIAA 
RELATIVE RATIOS OF MASSES 44 AND 46 




IAA OXIDASE ACTIVITY AT VARIOUS TIMES 
RUN 1 
Time, (hrs.) Absorbance Absorbance IAA OIAA mM of roM of 
After 280 nm 250 nm mg. mg. IAA ~~ Inoculation x103 
0 .500 .2 70 4.02 .485 22.84 2.53 
24 .040 .023 3.03 .553 17.22 2.88 
48 .128 .278 6.00 14.9 34.09 77.5 
72 .187 . 600 5.70 33.3 32.39 174 . 
96 .210 . 650 6.75 37.0 38.35 193 . 
120 .215 . 650 7.18 36.7 40.80 190 . 
144 .240 .700 8.42 39.5 47.84 206. 
168 .223 .695 4.56 40.2 25.91 209. 
Time, (hrs.) Absorbance 











LAA OXIDASE ACTIVITY AT VARIOUS TIMES 
RUN 2 
Absorbance LAA OIAA 
250 run mg. mg. 
.230 3.46 .440 
.022 3.12 .535 
.250 6.30 12.5 
.568 4.30 32.8 
.638 6.58 36.8 
.620 6. 75 35.0 
.660 8.67 38.0 


































ENZYME ACTIVITY OF 48 HOUR INDUCED CELLS RESUSPENDED 
IN 3% D-GLUCOSE WITH TRYPTAMINE 
Absorbance Absorbance IAA OIAA mM of 
280 nm 250 nm mg. mg. IAA 
X 103 
.495 .2 76 12.1 2.15 68.75 
.408 .248 14.2 20.5 80.68 
.no .498 1.55 60.0 8.81 
. 116 .550 0.60 130. 3.41 




















ENZYME ACTIVITY OF 72 HOUR INDUCED CELLS RESUSPENDED 
IN 3% D-GLUCOSE WITH TRYPTAMINE 
Absorbance Absorbance IAA OIAA mM of 
280 run 250 run mg. mg. IAA 
X 103 
.175 .184 2.75 2.59 1.56 
. 110 .235 10.7 25.0 60.80 
.108 .430 3.64 51.0 2.07 
.160 .684 7.20 80.5 4.09 












ENZYME ACTIVITY OF 96 HOUR INDUCED CELLS RESUSPENDED 
IN 3% D-GLUCOSE WITH TRYPTAMINE 
Time, (hrs. ) Absorbance Absorbance IAA OIAA mM of mM of 
After 280 run 250 run mg. mg. 1AA OIAA 
Res us pension X 103 X 103 
0 .380 .203 9.67 1.35 5.49 7. 04 
24 .148 .560 2. 75 32.6 1. 56 170. 
48 .200 . 740 4.38 45.5 2.49 23 7. 
72 .103 . 510 10.9 122. 61.93 635. 




SAMPLE CALCULATION OF CIAA AND COIAA 
The procedure recommended by Patterson (1965) was employed in 
these computations. On the basis of the following set of spectra-
photometric readings 
Blank Sample (Sample-Blank) 
A280 A250 A280 A250 A280 A250 
4% malt 0.115 0.295 0.515 0.895 0.400 0.600 
medium 
IAA 
reference 0.695 0.305 
The concentration of indole acetic acid (CIAA) in the reference 
sample was: 
ciAA = [3.43 x 10-2 x A280 ] [6.91 x 10-
3 x A250 ] 
= [3.43 X 10-2 X 0.69~- (6.91 X 10-3 X 0.305) 
= [2.48 X 10-2] - [2.11 X 10-3] 
= 2.269 x 10-2 mg/ml 
and since the samples had been diluted to 100 ml prior to reading 
their absorbancies, the total CIAA in the sample = 2.269. 
Similarly the concentrations of indole acetic acid (CIAA) and oxin-
dole acetic acid (C 0 IAA) in the 4% malt medium were 
ciAA = [3.43 x 10-2 x A280 ] - [6.91 x 10-
3 x A250] 
= [3.43 X 10-2 X 0.40~- [6.91 X 10-3 X 0.600] 
= [ l. 3 72 X 10-2 ] - [ 4 . 14 6 X 10-3 ] 
= 0.9574 x 10-2 mg/ml 
62 
and the total CIAA in the sample = 0.957 mg. 
COIAA = (2.57 X 10-2 x A25ol - [9.24 X 10-3 x A2aol 
= (2.57 X lo-2 x 0.600)- ( 0. 24 X 10-3 X 0.400) 
= [1.542 X 10-2 ) - [3.696 X 10-3) 
= 1.172 X 10-2 mg/ml 
and the total COIAA in the sample - 1.172 mg. 
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APPENDIX C 
RELATIVE RATICS OF MASSES 44 AND 46 
Sample No. Intensity 44 Intensity 46 R = 44/46 
1 1655 6.70 24 7. 02 
1645 6.65 24 7. 3 7 
1630 6.60 246.97 
1630 6.60 246.97 
1620 6.60 245.46 
2 2090 8.50 245.88 
2095 8.55 244.44 
2090 8.50 245.88 
2080 8.45 246.15 
2080 8.45 246.15 
3 2180 9.00 242.22 
2155 8.85 243.50 
2140 8. 75 244.57 
2115 8.70 243.57 
2090 8.55 244.44 
4 1430 6.70 213.43 
1240 6.10 203.28 
1100 5.60 196.43 
800 3.80 210.53 
660 2.90 22 7. 59 
5 2100 9.00 233.30 
2080 8.90 233.71 
2040 8.70 234.48 
2030 8.60 235.29 
2000 8.50 236.05 
6 1420 7.40 191.89 
1370 7.10 192.96 
1280 6.70 191.05 
1220 6.30 193.65 
1200 6.20 193.55 
7 1570 6.40 249.21 
15 70 6.40 249.21 
1560 6.30 24 7. 62 
1560 6.30 24 7. 62 
1540 6.20 248.39 
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Sample No. Intensity 44 Intensity 46 R= 44/46 
8 111S 4.SO 24 7. 78 
1100 4.40 2SO.OO 
1100 4.40 2SO.OO 
1090 4.38 248.86 
1070 4.30 248.84 
9 1420 S.90 240.68 
1420 S.90 240.68 
1400 S.80 241.32 
1390 s. 7S 241.74 
1380 S.70 242.11 
10 1890 8.4S 223.67 
1880 8.40 223.81 
1870 8.3S 223.9S 
18SO 8.2S 224.24 
1840 8.20 224.39 
11 1390 6.3S 218.90 
1390 6.3S 218.90 
1380 6.30 219. OS 
1380 6.30 219. OS 
1380 6.2S 220.80 
12 1660 7 .so 221.33 
1660 7 .so 221.33 
16S0 7.40 222.97 
1640 7.40 221.62 
1640 7.40 221.62 
13 1860 8.10 229.63 
18SS 8.00 231.88 
18S0 8.00 231.2S 
184S 7.9S 230.63 
1840 8.00 232.91 
14 1170 s.oo 234.00 
1170 4.9S 234.00 
1160 4.9S 234.34 
1160 4.9S 234.34 
11SO 4.90 234.69 
1S 126S S.40 234.26 
126S S.40 234.26 
1260 S.3S 23S.S1 
1260 S.3S 23S.S1 
1260 S.3S 23S.S1 
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Sample No. Intensity 44 Itensi ty 46 R= 44/46 
16 1400 6.00 233.33 
1400 6.00 233.33 
1400 6.00 233.33 
1400 6.00 233.33 
1400 6.00 233.33 
17 1840 8.00 230.00 
1880 8.15 230.68 
1930 8.35 232.53 
1950 8.45 229.41 
1960 8.50 230.59 
18 2570 11.20 229.46 
2 760 12.00 230.00 
2760 12.00 230.00 
2760 12.00 230.00 
2 760 12.00 230.00 
19 1660 7.1 233.56 
1660 7.2 230.56 
1660 7.2 230.56 
1660 7.2 230.56 
1660 7.2 230.56 
APPENDIX D 
CALCULATION OF STANDARD DEVIATION 
Standard deviation was calculated by the equation: 
0 : 
n - 1 
where 0 is the standard deviation 
D = deviation from the mean 
n = number of data 
Percent deviation was calculated by the equation: 




PERCENT DEVIATION FOR ATOM PERCENT OXYGEN-18 



















a == • 002452 
% Deviation == 1.21 
Deviation from 
Mean 




+ . 0022 











PERCENT DEVIATION FOR ATOM PERCENT OXYGEN-18 










. 212 7 
.2589 
= .2362 




- . 0009 
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PERCENT DEVIATION FOR ATOM PERCENT OXYGEN-18 
OF OIAA EQUILIBRATED WITH Hz 18o 





Mean = 3 = .2255 














PERCENT DEVIATION FOR ATOM PERCENT OXYGEN-18 
IN OIAA FROM Hz 18o EXPERIMENTS 








1.505 Mean = = .2150 
7 
a = .001861 
% Deviation = 0.8656 
Deviation from 
Mean 
+ . 0013 
- . 0020 
- . 0026 
- . 0012 
+ . 0013 
+ . 0018 
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